Introduction: There are numerous barriers to the care and support of adolescents living with HIV (ALHIV) that makes this population particularly vulnerable to attrition from care, poor adherence and virological failure. In 2010, a Teen Club was established in Zomba Central Hospital (ZCH), Malawi, a tertiary referral HIV clinic. Teen Club provides ALHIV on antiretroviral treatment (ART) with dedicated clinic time, sexual and reproductive health education, peer mentorship, ART refill and support for positive living and treatment adherence. The purpose of this study was to evaluate whether attending Teen Club improves retention in ART care. Methods: We conducted a nested case-control study with stratified selection, using programmatic data from 2004 to 2015. Cases (ALHIV not retained in care) and controls (ALHIV retained in care) were matched by ART initiation age group. Patient records were reviewed retrospectively and subjects were followed starting in March 2010, the month in which Teen Club was opened. Follow-up ended at the time patients were no longer considered retained in care or on 31 December 2015. Cases and controls were drawn from a study population of 617 ALHIV. Of those, 302 (48.9%) participated in at least two Teen Club sessions. From the study population, 135 (non-retained) cases and 405 (retained) controls were selected. Results: In multivariable analyses, Teen Club exposure, age at the time of selection and year of ART initiation were independently associated with attrition. ALHIV with no Teen Club exposure were less likely to be retained than those with Teen Club exposure (adjusted odds ratio (aOR) 0.27; 95% CI 0.16, 0.45) when adjusted for sex, ART initiation age, current age, reason for ART initiation and year of ART initiation. ALHIV in the age group 15 to 19 were more likely to have attrition from care than ALHIV in the age group 10 to 14 years of age (aOR 2.14; 95% CI 1.12, 4.11). Conclusions: This study contributes to the limited evidence evaluating the effectiveness of service delivery interventions to support ALHIV within healthcare settings. Prospective evaluation of the Teen Club package with higher methodological quality is required for programmes and governments in low-and middle-income settings to prioritize interventions for ALHIV and determine their cost-effectiveness.
| INTRODUCTION
While significant progress has been made towards reduction of HIV infection and deaths worldwide, inequity has persisted in the headway made towards these goals [1] . Contrary to the decreasing number of HIV-related deaths among children under the age of ten and young adults aged 20 to 29, HIVrelated deaths among adolescents (aged 10 to 19) continue to rise and in Africa HIV is now the leading cause of death in this age group [1] . Adolescents living with HIV (ALHIV) may have acquired HIV through sexual contact, or could have acquired it perinatally or during breastfeeding and survived into adolescence [2] . The adolescent years are a critical time for intervention as ALHIV come to terms with their diagnosis and transition from child to adult physically, emotionally and psychologically [3] .
Studies comparing treatment outcomes in adolescents and young adults to older adults have shown poorer outcomes in terms of virologic failure and retention in care [4] . There is a multitude of social barriers to the care and support of ALHIV that makes this population particularly vulnerable to attrition from care, poor adherence and treatment failure. ALHIV in Malawi may be single or dual parent orphans, forcing them to meet the daily demands of living on their own [5] . Antiretroviral treatment (ART) adherence may be compromised when an adolescent also has to be responsible for their health, food security, livelihood, and shelter. Stigma around HIV from peers at school or in their community may also compromise ART adherence, as ALHIV without peer support can feel isolated [6, 7] . Disclosing HIV status may be difficult, creating a barrier to developing supportive friendships and peer relationships.
With the roll out of universal test and treat, increasing numbers of ALHIV will be starting ART and requiring adolescent-appropriate ART services [8] . There is little HIV-specific or general adolescent evidence however to inform the most effective service delivery interventions and approaches for this population [9] . In a review of twenty-one research studies measuring HIV medication adherence (using subjective, pharmacologic and physiological indicators) and interventions to address adherence among ALHIV aged 13 to 24, overall rates of adherence were 28.3% to 69.8% before the interventions started [10] . A systematic review which examined service delivery interventions aimed at improving retention in care and adherence to ART for ALHIV, concluded from a limited number of studies that peer counselling and support, as well as improved accessibility to clinics for ALHIV and availability of youth-friendly services were promising strategies that warranted further investigation [11] .
"Teen Club, " a targeted psychosocial support intervention, uses these strategies and others to address the barriers faced by ALHIV in achieving optimal treatment outcomes. In 2010, a Teen Club was established at Tisungane Clinic in Zomba Central Hospital (ZCH), Malawi, a tertiary referral HIV clinic of the Malawi Ministry of Health (MOH). The Teen Club package provides ALHIV on ART with dedicated weekend clinic time, sexual and reproductive health education, disclosure support, peer mentorship, support for treatment adherence, and a positive space for peer interaction through facilitated sports, arts and games. The purpose of this operational research study was to evaluate whether participation in Teen Club was associated with greater retention in care for ALHIV.
| METHODS

| Study design
We conducted a nested case-control study with stratified selection using routine programmatic data from 2004 to 2015 for ALHIV patients.
| Study setting
Study participants were ART patients followed as part of the Zomba District Observational Cohort Study (Z-OCS), described in detail by Agarwal et al. [12] and also registered at ZCH, a tertiary urban referral hospital (catchment area 3.1 million) for the South East Health Zone in Zomba, Malawi. The Z-OCS collects information from standard Malawi MOH ART monitoring tools either digitized from paper records or collected via electronic medical records (EMR) if available. Patients receive care at ZCH if it is their closest facility, if they choose to attend clinic there, or if they require complex specialized care from expert clinicians. Otherwise primary HIV care in Zomba District has been decentralized. [13] At ZCH, EMR records were implemented in 2010. Retrospective review of patient records was used and subjects were followed starting in March 2010, the month in which Teen Club was initiated at ZCH. Follow-up ended at the time patients were no longer considered retained in care or on 31 December 2015. [13] . Teens collect their medications from nurses and are assessed for adherence and provided individualized peer counselling and support as necessary. Teens that require additional clinical assessment (e.g. treatment for opportunistic infection, management of treatment failure) are referred for a clinician visit. Small group sessions are conducted (age stratified) for sexual and reproductive health education, as well as adherence support. Positive space and time occur concurrently to clinic visits while teens wait for their individualized clinic or adherence counselling visits through facilitated art and drama sessions and youth targeted games and sport. While not initially a part of programming (from 2010 to 2014), lunch is now provided at the end of each session. Teen club sessions are held monthly on Saturday mornings and attendees generally participate several hours in the joint activities. Adolescents are eligible for participation in Teen Club if they are between the ages of 10 and 19, are on ART, and have had their HIV status disclosed to them. ALHIV are referred to Teen Club by either an ART clinician or a nurse to ensure the disclosure process has been completed. The Teen Club is staffed by the regular ART clinicians and nurses who work on a rota and are accordingly compensated for overtime work in alignment with human resources policy at the MOH or at the non-governmental organization (NGO).
| Description of the Teen Club intervention
| Study participants
ALHIV were eligible for inclusion in the analysis if they initiated ART between the ages of 10 and 19 on or after March 2010 or if they initiated ART before the age of ten but turned ten during or after March 2010, and had a minimal follow-up time of three months. Participants were excluded from the analysis if the reason for starting ART was pregnancy or breastfeeding as including these teens would skew the demographics of the study pool to older adolescent females. By excluding this population with different ART initiation criteria and clinical needs, we created a study pool most representative of the population that might attend Teen Club (see Figure 1 ).
Case and control selection was stratified by age at initiation of ART: under 10, 10 to 14, or 15 to 19 years of age. The total cohort of non-retained ALHIV at time of data extraction was selected as cases. Controls were selected at a 3:1 ratio to cases by incidence density sampling, where observation start time was the date the subjects became eligible for teen club (date of ART registration for patients starting ART after the age of 10 or the 10th birthday for patients starting ART before the age of ten). Three controls was the maximum number that could be used per identified case. A greater than 3:1 ratio would leave cases with an insufficient number of matched participants to select controls from. Because incidence sampling was used, controls were selected from all adolescents who were retained in care at the same follow-up time, regardless of whether or not they were future cases. This means that adolescents selected as controls at one point could subsequently be selected as cases at a later point. So, for every one case, three controls were selected from the same initiation age group at the same number of days after initiating ART and patients were assessed for exposure to Teen Club at that selection time.
| Variables and data sources
All data in the Z-OCS database was extracted as secondary data from routinely collected MOH patient monitoring and evaluation records [12] .
| Sex
Patient's sex (male or female) as reported on ART master cards or in the EMR.
| ART initiation age
Age at time of starting ART for the first time: <10, 10 to 14, or 15 to 19 years of age.
| Current age
Age at time of entering in the study: 10 to 14, 15 to 19, or ≥20 years of age. Those ≥20 were 10 to 19 years of age and receiving ART at ZCH after the March 2010. 
| Cumulative treatment outcome
The reported status (transferred out, alive on ART, lost to follow up (LTFU), stopped or died) at time of data extraction were defined as follows: a) "transferred out" -documented that patient has moved and transferred to another facility (otherwise classified as defaulted if transfer was not documented); b) "alive on ART" -patient is receiving ART and is not known to have been LTFU, died, or transferred to another facility; c) "LTFU" -patient did not return to the clinic within two months after (s)he was expected to have run out of ART, and is not known to have transferred out, stopped treatment, or died; the standardized MOH tools refer to these patients as "defaulted" d) "stopped" -patient is alive but is known to have stopped treatment for any reason; e) "died" -patient is known to have died for any reason, based on report by guardians, health facility staff, or from routine LTFU tracing by MOH staff.
| Outcome of interest
The outcome of interest for this study was non-retention in ART care. Patients were considered "not retained in care" (cases) if their status at time of data extraction was "LTFU, " "stopped" or "died. "
2. 
| Statistical analysis
Descriptive statistics were performed to summarize the demographic and treatment characteristics of the study population. Chi-square tests were used to compare characteristics between subgroups. The proportion of visits that were Teen Club versus non-Teen Club visits for attenders after their first Teen Club session was calculated by dividing the total number of Teen Club visits by the total number of visits after and including the first Teen Club visit. Bivariate logistic regression was used to assess the association between selected variables and non-retention. Multivariable logistic regression was performed to measure the association between Teen Club exposure and non-retention; adjusted for sex, age at the time of selection into the study, ART initiation age, reason for ART initiation and year of ART initiation. All statistical analysis was performed, using Stata 13 (STATA Corp., College Station, TX, USA).
| Ethics
Ethics approval was obtained for the Z-OCS study from the National Health Sciences Research Committee of Malawi and the University Health Network Research Ethics Board, University of Toronto, Canada. We did not obtain individual informed consent as we analysed fully anonymized routinely collected (secondary) program data.
| RESULTS
| Study pool
The cases and controls were drawn from a total of 617 ALHIV as shown in Figure 1 . Of those 302 (48.9%) participated in at least two Teen Club sessions. The median number of total Teen Club visits among these teens was 12 (data not shown). In this study pool, there were proportional differences in sex, year of ART initiation and cumulative treatment outcomes between those attending and not attending Teen Club (Table 2) . 
| Characteristics of cases and controls
From the study pool, 135 (non-retained) cases and 405 (retained) controls were selected, matched on ART initiation age group. Demographic and treatment characteristics of cases and controls can be found in Table 4 . There were no significant proportional differences in sex, ART initiation age, current age, reason for ART initiation or year of ART initiation between cases and controls. Teen Club exposure was higher among those retained versus those not retained (34.6% vs. 17.8%; p<0.01).
| Associations of patient characteristics and Teen Club exposure with non-retention
In bivariate logistic regression analysis, only Teen Club exposure was associated with non-retention (OR 0.32; 95% CI 0.20 to 0.52). In multivariable analyses, Teen Club exposure, age at the time of selection and year of ART initiation were independently associated with attrition. ALHIV with no Teen Club exposure were less likely to be retained than those with Teen Club exposure (adjusted odds ratio (aOR) 0.27; 95% CI 0.16, 0.45) when adjusted for sex, ART initiation age, current age, reason for ART initiation and year of ART initiation. ALHIV in the age group 15 to 19 were more likely to have attrition from care than ALHIV in the age group 10 to 14 years of age (aOR 2.14; 95% CI 1.12, 4.11) when adjusted for sex, ART initiation age, reason for ART initiation, year of ART initiation and Teen Club exposure.
| DISCUSSION
The results of this study provide promising evidence that the "Teen Club, " an adolescent-centred psychosocial support The majority of the teens who had their first Teen Club visit before the age of ten had it at age nine, and birthdates were often imprecise.
intervention is effective in reducing attrition from care in ALHIV. We showed that exposure to the Teen Club package is associated with a 3.7-times lower odds of attrition than not being exposed to Teen Club. This study contributes to the limited existing evidence [9] evaluating youth-friendly services as promising strategies in improving retention in care for ALHIV.
In line with other literature [19] [20] [21] [22] [23] [24] [25] , this study further reinforces that older ALHIV (15 to 19 years) have a higher risk (two-times higher) of attrition from care than younger ALHIV (10 to 14 years) and highlights the need for age-group specific programing and transitioning protocols that start in older adolescence. A recent situational analysis of 218 facilities in 23 sub-Saharan African countries showed that two-thirds attended to ALHIV with adults and children, and 50% of clinics had no transitioning protocols for older adolescents, despite the fact that non-adherence was reported as a key challenge [25] .
We chose to undertake a nested case-control study to attempt to address the issues of retention bias by accounting for time-dependent exposure and also to take into account time on ART prior to Teen Club. There are obvious limitations for a retrospective operational research study due to the inability to capture some important information if it was not available in the standardized monitoring and evaluation forms of the MOH e.g. perinatal versus horizontal (i.e. behavioural) transmission, distance from clinic.
The lack of Teen Club registration or attendance records also provided challenges in defining the exposure. We assumed attendance based on clinic visit documentation on Teen Club days (Saturdays), however, there were also Saturday visits by some adolescents on non-Teen Club Saturdays and therefore we could not assume that any Saturday visit was a Teen Club visits which was why two visits were chosen as the exposure threshold. There may be some selection bias in Teens who have chosen to attend Teen Club for retention and treatment self-efficacy that we cannot account for with the data available.
There remains a lack of evidence for the effectiveness of service delivery interventions to support ALHIV within healthcare settings with the most comprehensive systematic review [11] noting that available evidence comes from a [27] [28] [29] [30] [31] [32] [33] [34] . This is one of the first studies to date to look at the impact of an adolescent focused differentiated model of care on ART retention. Further qualitative research in particular around the barriers associated with retention in care, non-adherence, the effect on Teen Club programming on these barriers, and disentangling the individual factors that may prompt ALHIV to choose standard of care versus Teen Club, would be valuable in evidence-informed program modification. A recent cross sectional study [34] of a representative sample of ALHIV in the ZCH clinic and another large tertiary referral clinic in Malawi, looked at barriers and associated factors to selfreported non-adherence and found the most commonly reported barriers to adherence included forgetting (>90%), travel from home (14%), and "busy doing other things" (11%). Drinking alcohol in the past month, witnessing or experiencing violence in the home in the past year, and poor treatment self-efficacy were each found to be independently associated with missing ART in the past week.
The absence of evidence and operations research around ALHIV targeted services, limits the ability of programmes and governments in high prevalence settings to prioritize interventions and determine their cost-effectiveness. It also prevents monitoring impact of interventions on the health system, especially because resource intensive approaches applied at the individual patient level are unlikely to be generalizable in lowincome countries with health worker shortages. While this study demonstrates promising evidence supporting the efficacy of the Teen Club package, more rigorous prospective evaluation involving pragmatic trial design would be helpful to inform scalability.
| CONCLUSIONS
Teen Club, a specialized psychosocial support intervention providing dedicated clinic time, health education and peer support and mentorship for ALHIV is associated with 3.7 times greater odds of retention compared with ALHIV who are not exposed to the intervention. More health services research into the management of ALHIV transitioning into adult care is urgently needed in sub-Saharan Africa, with particular attention to differentiated models of care.
